Our Reference: VTE-111-D PATEN 
APPARATUS HAVING A SUPPORT STRUCTURE AND ACTUATOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of U.S. 
Provisional Application No. 60/198,056, filed April 18, 
2000, and U.S. Provisional Application No. 60/220,542, 
filed July 25, 2000 . 

FIELD OF THE INVENTION 
The present invention relates to an apparatus 
for use in an application including at least one of 
clamping and valving. 



BACKGROUND OF THE INVENTION 
Known clamping and valving mechanisms include 
solenoids as well as piezoelectric clamps and valves. 
Such known clamping and valving mechanisms have several 

15 shortcomings. Solenoids require a number of components 
and, thus, are expensive and prone to failure. Known 
clamps and valves operated with piezoelectric actuators 
have complex designs which can not provide the 
performance required for many applications. More 

20 specifically, such piezoelectric clamps and valves do not 
provide the necessary opening displacement and/or 
clamping force. 

SUMMARY OF THE INVENTION 
An apparatus for use in an application 
25 including at least one of clamping and valving. The 

apparatus includes a support structure and actuator means 
for operating the support structure between a rest 
position and an actuated position. In one embodiment, 
the actuator means is a piezoelectric device and the 



2 

support structure is a single piece which is a 
mechanically active element of the apparatus. 

Other objects, advantages and applications of 
the present invention will become apparent to those 
5 skilled in the art when the following description of the 
best mode contemplated for practicing the invention is 
read in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The description herein makes reference to the 
accompanying drawings wherein like reference numerals 
refer to like parts throughout the several views, and 
wherein : 

Figure 1 is a perspective view of a first 
embodiment of an apparatus in accordance with the present 
invention; 

Figure 2 is a cross-sectional view of the first 
embodiment of the apparatus taken along lines 2-2 in 
Figure 1; 

Figure 3 is a cross-sectional view of a second 
embodiment of the apparatus; 

Figure 4 is a cross-sectional view of a third 
embodiment of the apparatus; 

Figure 5 is a cross-sectional view of a fourth 
embodiment of the apparatus; 

Figure 6 is a cross - sectional view of a fifth 
embodiment of the apparatus ; 

Figure 7 is a cross - sectional view of a sixth 
embodiment of the apparatus; and 

Figure 8 is a cross-sectional view of a seventh 
embodiment of the apparatus . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figures 1-8 illustrate several embodiments of 
an apparatus 10a in accordance with the present invention 
for use in a clamping and/or valving application. Each 



apparatus 10a includes at least one pair of opposing 
surfaces 12 and 14 and an actuator means 16 . The 
opposing surfaces 12 and 14 are formed on a support 
structure 18 for movement relative to one another. The 
actuator means 16 operably engages the support structure 
18 for driving the opposing surfaces 12 and 14 relative 
to one another in response to an electrical activation 
from a controller 20 in communication with the actuator 
means 16. 

When activated, the actuator means 16 is 
designed to produce a positional or spatial displacement 
along one predetermined axis. The function of the 
actuator means 16 may be performed by one of several 
different types of piezoelectric devices including an 
individual piezoelectric element, a stack of individual 
piezoelectric elements, a mechanically amplified 
piezoelectric element or stack, or a multilayer cofired 
piezoelectric stack. 

Each type of piezoelectric device described 
above operates in substantially the same manner. The 
piezoelectric device can be (1) electrically charged 
using a voltage, or (2) electrically discharged using a 
controlled electrical ground or short. 

When a voltage is applied across the 
piezoelectric device, the device receives and stores an 
electrical charge. When charged, the piezoelectric 
device expands along the one predetermined axis. The 
expansion of the piezoelectric device produces a spatial 
displacement along the one predetermined axis greater 
than the nominal thickness of the device. 

The electrical charge on the piezoelectric 
device is discharged or dissipated when the device is 
electrically shorted or grounded, typically through an 



impedance. When discharged, the piezoelectric device 
contracts or shrinks along the one predetermined axis 
back toward the nominal thickness of the device. The 
controller 2 0 is designed to charge and discharge the 
5 piezoelectric device. 

The support structure 18 includes first and 
second arm portions 22 and 24 and at least one web or 
fulcrum 2 6 extending transversely between the first and 
second arm portions 22 and 24. The opposing surfaces 12 
10 and 14 are disposed at a first end 28 of the first and 

second arm portions 22 and 24 respectively. The support 
structure 18, including the web 26 and the first and 
second arm portions 22 and 24, is a unitary, integral, 
single-piece body. 

15 The support structure 18 is composed of a 

material having shape memory. Typically, the support 
structure material has a high modulus of elasticity or 
resilience and high strength. As a result, the first and 
second arm portions 22 and 24 are resiliently biased to a 

20 rest position. The apparatus 10a can be made from a 
variety of materials including, but not limited to, a 
metal, such as steel or other metals, an alloy, such as 
Inconel or other alloys, or a composite material, such as 
Thornel . 

25 When the actuator means 16 is electrically 

activated, the first and second arm portions 22 and 24 
are driven from the rest position to an actuated 
position. The first and second arm portions 22 and 24 
are constantly biased by the shape memory of the support 

3 0 structure material toward the rest position. When the 
actuator means 16 is deactivated, the shape memory or 
resilience of the support structure material returns the 
first and second arm portions 22 and 24 from the actuated 
position to the rest position provided the support 



structure 18 has not been plastically deformed. In this 
manner, the one-piece support structure 18 functions as a 
mechanically active element of the apparatus 10a by 
transferring and amplifying the spatial displacement of 
5 the actuator 16 to the opposing surfaces 12 and 14 to 
produce the clamping and/or valving operation. 

Figure 1 is a perspective view of a first 
embodiment of the apparatus 10a in accordance with the 
present invention. Figure 2 is a cross - sect ional view of 

10 the first embodiment of the apparatus 10a taken along 
lines 2-2 in Figure 1. In this embodiment, the web 26 
extends between the first and second arm portions 22 and 
24 at a second end 30 opposite the first end 28 
establishing a substantially C-shaped cross-section. The 

15 actuator means 16 is operably engaged between the first 

and second arm portions 22 and 24 . The opposing surfaces 
12 and 14 are normally immediately or nearly adjacent to 
one another. In other words, the opposing surfaces 12 
and 14 are closest to each other when the actuator 16 is 

20 deactivated. This type of configuration is commonly 
referred to as a normally closed design. When the 
actuator means 16 is electrically activated, the first 
and second arm portions 22 and 24 are driven away or 
apart from one another from a rest position to an 

25 actuated position. As a result, the space or distance 

between the opposing surfaces 12 and 14 is increased or, 
in other words, the opposing surfaces 12 and 14 are 
opened. The first and second arm portions 22 and 24 are 
constantly biased by the shape memory of the support 

3 0 structure material toward the rest position. Thus, when 
the actuator means 16 is deactivated, the first and 
second arm portions 22 and 24 return from the actuated 
position to the rest position. As a result, the space or 
distance between the opposing surfaces 12 and 14 is 

35 decreased or, in other words, the opposing surfaces 12 

and 14 are closed. In this manner, the first embodiment 
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of the apparatus 10a is particularly adapted to function 
as a normally closed clamp. 



Figure 3 is a cross- sectional view of a second 
embodiment of the apparatus 10a. In this embodiment, the 
5 at least one web 2 6 extends between the first and second 
arm portions 22 and 24 at a position between or 
intermediate with respect to the first end 28 and the 
second end 30 establishing a substantially I-shaped 
cross-section. The actuator means 16 is operably engaged 

10 between the first and second arm portions 22 and 24 . The 
opposing surfaces 12 and 14 are normally spaced from one 
another. In other words, the opposing surfaces 12 and 14 
are furthest from each other when the actuator 16 is 
deactivated. This type of configuration is commonly 

15 referred to as a normally open design. When the actuator 
16 is electrically activated, the second ends 30 of the 
first and second arms 2 2 and 24 are driven away or apart 
from one another and the first ends 28 of the first and 
second arms 2 2 and 24 are driven toward one another from 

20 a rest position to an actuated position. As a result, 
the space or distance between the opposing surfaces 12 
and 14 is decreased or, in other words, the opposing 
surfaces 12 and 14 are closed. The first and second arm 
portions 22 and 24 are constantly biased by the shape 

2 5 memory of the support structure material toward the rest 

position. Thus, when the actuator 16 is deactivated, the 
first and second arm portions 22 and 24 return from the 
actuated position to the rest position. As a result, the 
space or distance between the opposing surfaces 12 and 14 

3 0 is increased or, in other words, the opposing surfaces 12 

and 14 are opened. In this manner, the second embodiment 
of the apparatus 10a is particularly adapted to function 
as a normally open clamp. 

Figure 4 is a cross - sect ional view of a third 
3 5 embodiment of the apparatus 10a wherein the support 



structure 18 further includes a second web 46. The 
second web 46 extends between the first and second arm 
portions 22 and 24 at a position between or intermediate 
with respect to the first end 28 and the first web 26. 
5 The actuator 16 is operably engaged between the first and 
second webs 26 and 46. More specifically, the actuator 
16 is operably engaged between the first web 26 and the 
portion of the second web 46 which is closest or 
proximate to the first web 26. The second non-planar web 

10 46 is shaped with respect to the first web 26 and the 
first and second arm portions 22 and 24 such that the 
first and second arm portions 2 2 and 24 are driven away 
or apart from one another in response to an electrical 
activation of the actuator 16. When the actuator means 

15 16 is electrically activated, the first web 26 and the 

proximate portion of the second web 4 6 are driven away or 
apart from one another driving the non-planar second web 
4 6 toward a planar shape. The driving of the second web 
4 6 toward a planar shape drives the first and second arm 

20 portions 22 and 24 away or apart from one another from a 
rest position to an actuated position. As a result, the 
space or distance between the opposing surfaces 12 and 14 
is increased or, in other words, the opposing surfaces 12 
and 14 are opened. The first and second arm portions 22 

25 and 24 are constantly biased by the shape memory of the 
support structure 18 material toward the rest position. 
Thus, when the actuator 16 is deactivated, the first and 
second webs 2 6 and 4 6 move toward each other and the 
first and second arm portions 22 and 24 return from the 

30 actuated position to the rest position. As a result, the 
space or distance between the opposing surfaces 12 and 14 
is decreased or, in other words, the opposing surfaces 12 
and 14 are closed. In this manner, the third embodiment 
of the apparatus 10a is particularly adapted to function 

3 5 as a normally open clamp. 



Figure 5 is a cross-sectional view of a fourth 
embodiment of the apparatus 10a. In this embodiment, the 
at least one of the pair of opposing surfaces 12 or 14 
includes a shaped recess 42 complementary with respect to 
a flexible article 52 to be engaged between the opposing 
surfaces 12 and 14. The flexible article 52 has a fluid 
flow passageway 54 extending therethrough. The actuator 
means 16 is operably engaged between the first and second 
arm portions 22 and 24. The opening and closing of the 
opposing surfaces 12 and 14 causes a change in a cross- 
sectional area of the fluid flow passageway 54 when the 
actuator 16 is electrically activated and deactivated 
respectively. The opposing surfaces 12 and 14 are 
normally immediately or nearly adjacent to one another. 
As a result, the cross - sect ional area of the fluid flow 
passageway 54 is normally relatively small or zero. In 
other words, the fluid flow passageway 54 is normally 
significantly restricted or completely closed. When the 
actuator 16 is electrically activated, the first and 
second arm portions 2 2 and 24 are driven away or apart 
from one another from a rest position to an actuated 
position as illustrated in Figure 5. As a result, the 
space or distance between the opposing surfaces 12 and 14 
is increased, enlarging the cross-sectional area of the 
fluid flow passageway 54. The first and second arm 
portions 22 and 24 are constantly biased by the shape 
memory of the support structure material toward the rest 
position. Thus, when the actuator 16 is deactivated, the 
opposing surfaces 12 and 14 are biased toward one another 
by the shape memory of the support structure material . 
As a result, the cross-sectional area of the fluid flow 
passageway 54 is reduced back towards the initial zero or 
relatively small size. As a result, the fluid flow 
passageway 54 is significantly restricted or completely 
closed. In this manner, the fourth embodiment of the 
apparatus 10a is particularly adapted to function as a 
pinch valve. 
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Figure 6 is a cross- sect ional view of a fifth 
embodiment of the apparatus 10a. In this embodiment, the 
support structure 18 includes a fluid flow passageway 56 
and a valve surface 58. The fluid flow passageway 56 
5 extends through at least a portion of the support 

structure 18 and defines an inlet 60, an outlet 62, and a 
valve seat 64 disposed within the passageway 56 and 
positioned with respect to one opposing surface 14 . The 
valve surface 58 is supported with respect to the other 

10 opposing surface 12 for regulating fluid flow through the 
passageway 56 at the valve seat 64 in response to an 
electrical activation of the actuator 16. In this 
embodiment, the valve seat 64 is disposed immediately 
adjacent to the one opposing surface 14 and the valve 

15 surface 58 is supported to extend from the other opposing 
surface 12 in alignment with the valve seat 64. The 
actuator means 16 is operably engaged between the first 
and second arm portions 22 and 24. The opposing surfaces 
12 and 14 are normally immediately adjacent to one 

20 another or, in other words, closed. As a result, the 

valve surface 58 is normally sealingly engaged with the 
valve seat 64. In other words, fluid flow through the 
passageway 56 at the valve seat 64 is normally 
significantly restricted or completely blocked. In this 

2 5 manner, the apparatus 10a operates as a normally closed 

valve. When the actuator 16 is electrically activated, 
the first and second arm portions 22 and 24 are driven 
away or apart from one another from a rest position to an 
actuated position as illustrated in Figure 6. As a 

3 0 result, the space or distance between the opposing 

surfaces 12 and 14 is increased, separating the valve 
surface 58 from the valve seat 64 of the passageway 56. 
The first and second arm portions 22 and 24 are 
constantly biased by the shape memory of the support 
35 structure material toward the rest position. Thus, when 
the actuator 16 is deactivated, the first and second arm 
portions 22 and 24 return from the actuated position to 
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the rest position. As a result, the valve surface 58 is 
moved toward the valve seat 64 of the passageway 56 and 
fluid flow through the passageway 56 at the valve seat 64 
is restricted or completely blocked. In this manner, the 
5 fifth embodiment of the apparatus 10a is particularly 
adapted to function as one of several types of valves, 
such as a needle valve or face seal valve. 

Figure 7 is a cross-sectional view of a sixth 
embodiment of the apparatus 10a. In this embodiment, the 

10 support structure 18 includes a fluid flow passageway 56 
and a valve surface 58. The fluid flow passageway 56 
extends through at least a portion of the support 
structure 18 and defines an inlet 60, an outlet 62, and a 
valve seat 64 disposed within the passageway 56 and 

15 positioned with respect to one opposing surface 14 . The 

valve surface 58 is supported with respect to the other 
opposing surface 12 for regulating fluid flow through the 
passageway 5 6 at the valve seat 64 in response to an 
electrical activation of the actuator 16 . In this 

2 0 embodiment, the valve surface 5 8 is supported to extend 
from the other opposing surface 12, the valve seat 64 is 
spaced from the one opposing surface 14, and the 
passageway 5 6 further includes a valve surface passage 6 6 
extending between the one opposing surface 14 and the 

25 valve seat 64 in alignment with the valve surface 58. 

The actuator means 16 is operably engaged between the 
first and second arm portions 22 and 24. The opposing 
surfaces 12 and 14 are normally immediately or nearly 
adjacent to one another or, in other words, closed. As a 

30 result, the valve surface 58 is normally sealingly 

engaged with the valve seat 64. In other words, fluid 
flow through the passageway 56 at the valve seat 64 is 
normally significantly restricted or completely blocked. 
In this manner, the apparatus 10a operates as a normally 

35 closed clamp. When the actuator 16 is electrically 

activated, the first and second arms 22 and 24 are driven 
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away or apart from one another from a rest position to an 
actuated position as illustrated in Figure 7. As a 
result, the space or distance between the opposing 
surfaces 12 and 14 is increased separating the valve 
5 surface 58 from the valve seat 64 of the passageway 56. 
The first and second arm portions 22 and 24 are 
constantly biased by the shape memory of the support 
structure material toward the rest position. Thus, when 
the actuator 16 is deactivated, the first and second arm 

10 portions 22 and 24 return from the actuated position to 

the rest position. As a result, the valve surface 58 and 
the valve seat 64 of the passageway 56 are biased back 
toward each other and fluid flow through the passageway 
56 at the valve seat 64 is restricted or completely 

15 blocked. In this manner, the sixth embodiment of the 

apparatus 10a is particularly adapted to function as one 
of several types of valves, such as a needle valve or 
face seal valve. 

Figure 8 is a cross - sectional view of a seventh 

20 embodiment of the apparatus 10a. In this embodiment, the 
support structure 18 includes a fluid flow passageway 56 
and a valve surface 58. The fluid flow passageway 56 
extends through at least a portion of the support 
structure 18 and defines an inlet 60, an outlet 62, and a 

25 valve seat 64 disposed within the passageway 56 and 

positioned with respect to one opposing surface 12. The 
valve surface 58 is supported with respect to the other 
opposing surface 14 for regulating fluid flow through the 
passageway 56 at the valve seat 64 in response to an 

30 electrical activation of the actuator 16. In this 

embodiment, the pair of opposing surfaces 12 and 14 are 
operably disposed in sliding contact with one another 
along a parting line 72 defined therebetween, the valve 
seat 64 is disposed at the one opposing surface 12, and 

35 the valve surface 58 is disposed at the other opposing 

surface 14. The valve surface 58 is normally aligned 



with respect to the valve seat 64 as illustrated in 
Figure 8. As a result, the valve surface 58 is normally 
sealingly engaged with the valve seat 64. In other 
words, fluid flow through the passageway 56 at the valve 
seat 64 is normally significantly restricted or 
completely blocked. When the actuator 16 is electrically 
activated, the first and second arms 22 and 24 are driven 
away or apart from one another from a rest position to an 
actuated position. In this manner, the opposing surfaces 
12 and 14 are moved or slid in opposite directions 
aligning the valve seat 64 and a complementary portion 74 
of the passageway 56. 

When the actuator 16 is deactivated, both the 
first and second arms 22 and 24 are biased toward one 
another by the shape memory of the support structure 
material provided the support structure 18 has not been 
plastically deformed. As a result, the valve surface 58 
and the valve seat 64 of the passageway 56 are biased 
back toward alignment with each other. As a result, 
fluid flow through the passageway 56 at the valve seat 64 
is restricted or completely blocked. In this manner, the 
seventh embodiment of the apparatus 10a is particularly 
adapted to function as a gate valve. 

Within the scope of the present invention, the 
embodiments of the apparatus 10a illustrated in Figures 7 
and 8 may be operated as a valve to restrict fluid flow 
in the passageway from the inlet to the outlet or 
restrict fluid flow in the passageway from the outlet to 
the inlet . 

While the invention has been described in 
connection with what is presently considered to be the 
most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the 
disclosed embodiments but, on the contrary, is intended 
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to cover various modifications and equivalent 
arrangements included within the spirit and scope of the 
appended claims, which scope is to be accorded the 
broadest interpretation so as to encompass all such 
5 modifications and equivalent structures as is permitted 
under the law. 



